Full article available online at Healio.com/Orthopedics. Search: This article describes a novel, clinically oriented classification system for long-bone fractures that is simple, reliable, and useful to predict treatment method, complications, and outcome. The reliability and memorability of the new classification were statistically tested and compared with the AO-Müller/Orthopaedic Trauma Association (AO/OTA) long-bone fracture classification. The proposed classification system was also clinically validated with a targeted pilot study designed for content and clinical outcome retrospectively reviewing 122 closed tibial shaft fractures, which were used as a representative paradigm of long-bone fractures. Statistical evaluation showed that the proposed classification system had improved inter-and intraobserver variation agreement and easier memorability compared with the AO/OTA classification system. The clinical validation study showed its predictive value regarding selection of treatment method, complication rate, and injury outcome.
L ong-bone fractures are common trauma injuries. Compared with periarticular areas, where several fracture pattern classifications have been described, long-bone fractures are classified exclusively according to the AO-Müller long-bone classification system and to its 1996 revision by the Orthopaedic Trauma Association (OTA) compendium. 1, 2 However, the revised version of the AO/OTA classification system has received criticism for being complicated and for having low inter-and intraobserver variation agreement and reliability.
It has never been adequately tested for its usefulness regarding treatment selection and clinical outcomes. [3] [4] [5] [6] The necessity of a simple classification system for longbone fractures has been reported 4, 5, [7] [8] [9] [10] and is supported by numerous validation studies dealing with the existing AO/OTA system. 3, 4, 6 Moreover, specific guidelines have been described on the optimal way to introduce a novel classification system or revise an existing classification system.
10-12
This article proposes the simple Garnavos classification system for classifying long-bone fractures, oriented for everyday clinical use. It was tested and compared with the AO/OTA long-bone fracture classification system with inter-and intraobserver variation reliability studies. In addition, the current study provides the required evidence that the new classification system is applicable to a representative sample of long-bone shaft fractures for which it has been designed (face and content validation) and also assesses the correlation of the proposed classification to mechanisms of injury, various treatment options, complication rates, rehabilitation issues, and the main clinical endpoint of long-bone fracture treatment.
Materials and Methods

Garnavos Classification System
Definitions of Long-bone Segments. Femur: The bone segment between 2 parallel lines that cross the long axis of the femur transversely. One passes just below the lesser trochanter and the other through the maximum diameter of the femoral condyles.
Tibia: The bone segment between 2 parallel lines that cross the long axis of the tibia transversely. One passes just above the fibular head or the proximal end of the tibial tuberosity and the other just above the base of the medial malleolus or the point where the tibia separates from the fibula.
Humerus: The bone segment between 2 parallel lines that cross the long axis of the humerus transversely. One passes through the surgical neck of the humeral head and the other 1 cm above the proximal tip of the olecranon fossa.
Radius and ulna: The bone segments between 2 parallel lines that cross the long axis of the radius and ulna transversely. One passes through the base of the radial neck and the other through the base of the ulnar head ( Figure 1) .
Garnavos Classification System. In the new classification system, fractures are first described by their location (topography) and second by their pattern (morphology).
Fracture topography: The long-bone segments are divided into 3 zones of equal length. The most proximal (head-to-foot direction) zone is assigned the capital letter P (for proximal), the middle zone is assigned the capital letter M (for middle), and the most distal zone is assigned the capital letter D (for distal). The location of a fracture is described by the appropriate capital letter (P, M, or D). The fracture must be completely contained within the relevant zone to be described by only 1 initial. When a fracture extends to .1 zone or occurs in the transition area between 2 zones, its location is described by 2 or 3 initials from proximal to distal. If a fracture is located in the transition zone between the proximal and middle thirds of a longbone segment, it is described as PM. If it is located in the transition zone between the middle and distal thirds, it is described as MD. If a fracture extends to the whole bony segment, it is described as PMD.
Classification is based on anteroposterior (AP) and lateral radiographs. However, additional imaging studies, such as oblique radiographs or computed tomography scan, may offer additional information about the extension or comminution of a fracture. Fractures must be described from the most proximal to the most distal extensions (fissure fracture lines that extend proximally or distally must be included) and not in relation to the center of comminution or to the main location of the fracture. Fractures located mainly within the long-bone segments but extending toward the nearby joint, beyond the line defining the bone segment, should be described with the letters defining the location within the shaft, followed by the small letter j (for joint) ( Figure 1 ; Table 1 ).
Fracture morphology: Fractures are morphologically described as simple (S), intermediate (I), or complex (C), with these letters following the letter(s) defining the location. Simple fractures are those with no comminution (clear-cut fractures) and are further separated into transverse or slightly oblique (t) and spiral (s). One or 2 minor bony chips should not change the definition of a fracture as simple. Inter- Table 1) .
A fracture located between the proximal and middle zones with 1 sizable bony fragment is described as PMI, whereas an oblique fracture with no comminution located at the distal zone is described as DSt.
In cases where .1 fracture has occurred on the same bone with an intact bony fragment with complete canal separating the 2 fractures (segmental fracture), each must be described independently as if the other did not exist. The most proximal fracture is described first, followed by the other fracture(s) in a proximal-to-distal order. If a long bone appears fractured at its proximal zone transversely and a second fracture exists at the middle-distal transitional zone with 1 bony fragment, it is described as PSt, MDI.
Intra-and Interobserver Variation Agreement Studies
Radiological Material and Selection of Coders. Anteroposterior and lateral radiographs of 120 long-bone shaft fractures (40 femora, 40 tibiae, and 40 humeri) were randomly selected and shown to 6 orthopedic physicians of different seniority and experience (2 trainees in the last year of training and 4 qualified orthopedic trauma surgeons). None of these physicians was involved with the preparation or authorship of the current study. They agreed to participate in the study as independent observers and were blinded to the origin and identity of the creators of the new classification. All 6 doctors, already familiar with the AO/OTA long-bone fracture classification system, were introduced to the new classification system by the authors of the current study. They were provided with illustrated information for both classification systems and asked to apply either the AO/ OTA and the Garnavos classification system to each long-bone fracture presented as radiographs in a PowerPoint (Microsoft, Redmond, Washington) presentation.
The statistical analysis and evaluation process was based on the comparison of the classification systems by the observers; therefore, no correct answers were set by the authors. The time needed for complete classification of the fractures was recorded for every observer for each anatomical region (femur, tibia, and humerus). The same physicians were asked to repeat the procedure (with the same radiographs in the same sequence) 2 to 4 weeks later.
Statistical Methodology. Data were analyzed using k value as a measure of inter-and intraobserver agreement. 13, 14 Results were defined as poor when k was ,0.20, fair when k was between 0.21 and 0.40, moderate when k was between 0.41 and 0.60, good when k was between 0.61 and 0.80, and very good between 0.81 and 1.00. 13, 14 All statistical tests were performed using SPSS version 10.0 statistical software (SPSS, Inc, Chicago, Illinois). Significance was set at P,.05.
Clinical Validation Study
The 15 ), and significant comorbidities or coexisting injuries affecting postoperative rehabilitation. The fractures were treated individually by experienced trauma surgeons of different seniority, not involved with the preparation or authorship of the current study. At the time of initial treatment, the surgeons followed no specific protocol, and the chosen treatment was based on personal preference and experience.
After applying the inclusion and exclusion criteria, 122 fractures remained and were classified according to the Garnavos classification system by 2 authors (C.G., N.K.K.). Recorded data were entered in a Microsoft Access database. The data included patient demographics, comorbidities, mechanism of injury, method of treatment, time to operation, length of hospital stay, rehabilitation scheme and mobilization progress, early and late complications, secondary interventions, time to union, and time to discharge from out- 
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Healio.com The new online home of ORTHOPEDICS | Healio.com/Orthopedics n Feature Article patient clinic. Radiological fracture union was defined as callus formation on AP and lateral radiographs (presence of bridging callus in a minimum 3 of 4 cortices) and clinical fracture union as pain-free weight bearing or stressing at the fracture site according to the existing literature. 16 Nonunion was defined as continued pain and motion at the fracture site and the absence of adequate callus formation on AP and lateral radiographs at least 8 months postinjury. 16 Delayed union was defined as the absence of radiological progress of callus formation for .4 months postoperatively. 17 Fracture malunion was defined as AP angulation or rotation of .10°, varus/valgus deformity of .5°, and shortening of .2 cm. [18] [19] [20] All operative procedures performed after initial operative fracture fixation were recorded as secondary interventions. These included nail dynamization, external fixator pin removal, fasciotomies, exchange nailing, or change of the fixation method. The clinical suspicion of compartment syndrome was investigated by intracompartmental pressure measurements as reported by Frink et al. 21 
Statistical Analysis
Univariable and multivariable statistical analyses were performed to verify the original hypothesis that the Garnavos classification system can be related to clinical aspects regarding the management and outcome of long-bone fractures. For time to union, t test or 1-way analysis of variance was applied to compare grouped factors, and test for proportions or chi-square test was applied for complications. Univariable analysis was performed to identify the variables of interest. Any variable with a 10% significance level was taken forward in a multivariable analysis to adjust for other factors.
results
Interobserver Variation Agreement
Agreement strength improved with the Garnavos classification system compared with the AO/OTA classification system for all fractures assessed. Improvement occurred by 1 level (from fair to moderate) for femoral and tibial fractures and by 2 levels (from fair to good) for humeral fractures (Table 2) .
Intraobserver Variation Agreement
When the same observer classified the same fractures with both classification systems 2 to 4 weeks after the first attempt, 1 level of improvement occurred in agreement strength with the Garnavos classification system compared with the AO/OTA classification system (Table 3) .
Time Element
Comparison of the time needed to classify fractures of the same long bone during 2 attempts revealed statistically significant differences in favor of the Garnavos classification system (,.01 and ,.05, respectively). In addition, statistically significantly less time was needed for the classification with the Garnavos classification system during the second attempt compared with the time needed for classification of the same fractures with the same classification system during the first attempt (P,05). In contrast, no statistically significant difference existed between the times needed for fracture classification with the AO/OTA classification system between the first and second attempts (P5.1) ( Table 4) . Tables 5 and 6 show demographic data, mechanism of injury, treatment method, and outcome in correlation with the Garnavos classification system. Tables  7 and 8 show the distribution of complications within the subgroups of the Garnavos classification system. Univariable Analysis. For statistical methodological reasons, the classification categories were grouped. The fractures of a single zone (P, M, or D) were compared with fractures extending to multiple zones (PM, MD, and PMD). The same simplification was made for fracture morphology: simple fractures (Ss and St) were compared with multipart fractures (I and C). Univariable analysis identified the following as significant negative factors related to time to union: age older than 35 years (P5.006), delay to partial or full weight bearing (P,.001), extension of the fracture in .2 zones (PM or MD) (P5.006), and presence of complex or intermediate [22] [23] [24] it was included in the parameters of the subsequent multivariable analysis (Table 9) .
Clinical Validation
Multivariable Analysis. The multivariable analysis focused on 2 targets: time to union and complications. To make a suitable adjustment for multiple factors, a multivariable regression was used. The continuous variables of age and time to full weight bearing were grouped in the univariable analyses for simplicity, but were regarded as continuous for multivariable analysis. Regarding the correlation between Garnavos classification system categories and the occurrence of complications, multivariable analysis identified that the fracture extension in .1 zone increased the risk of complications (odds ratio53.64). Similarly, a complex morphology doubled the risk of complications (odds ratio52.26), with significance at the 7% level. The time to full weight bearing was included as a grouped variable because the effect on the complication rate was nonlinear. Thus, the subgroup of cases that progressed to full weight bearing between weeks 8 and 15 had a high risk of complications (odds ratio514.07) when compared with the early mobilization subgroup (Table 10) . 
discussion
Since its publication, the AO/OTA long-bone fracture classification system 2 has been adopted by the majority of orthopedic surgeons and has gained worldwide acceptance for its usefulness in research. However, numerous studies agree that the AO/OTA long-bone fracture classification system has significant drawbacks, such as complexity and low reliability. [3] [4] [5] [6] 8, 9 Newey et al 4 reported that the AO classification system is unnecessarily complicated and often falls short of playing a useful role in planning and management. 3 reported that a high incidence of errors may occur when fractures are coded on an individual basis using this comprehensive system and variability may exist when retrieving data from a computer for research purposes and for surgical audit. Martin and Marsh 8 reported that the observer agreement for this system drops to unacceptable standards at the group and subgroup levels and that further study is warranted to determine how this agreement can be improved. Garbuz et al 9 identified classification systems in orthopedics that have been properly tested for their reliability, but the AO-Müller and AO/OTA classifications for long-bones fractures were not included. They reported that many classification systems have been published and widely adopted in orthopedics without enough information available on their reliability. 9 Revisions of the AO-Müller fracture classification system introduced by the compendium of the OTA consisted of the reorganization of the alphanumeric codes to offer a universal system for classifying different anatomical sites. [2] [3] [4] [5] [6] [7] 9, 10 Nonetheless, the original concept of the AO-Müller system is maintained, along with its weaknesses. Audige et al 12 described a comprehensive staged concept for validating a classification system before its general clinical application. The first phase of the validation pathway included the classification proposal and pilot agreement studies, and the next 2 phases consisted of multicenter agreement studies and clinical studies to assess the clinical relevance and usefulness of the proposed system. 12 The recent compendium of the OTA committee of experts reaffirmed this staged approach of introducing any novel classification system under the contemporary demand for evidence-based medicine. 10 Following these suggestions, the current study introduces the new classification system by describing, statistically testing, and clinically validating it.
Statistical analysis revealed improved inter-and intraobserver variation agreement (constant improvement of at least 1 level), and therefore better reliability, of the Garnavos classification system compared with the AO/OTA classification system. Use of the k value for assessment of inter-and intrarater agreement is well established in the medical literature. A difference by 1 level of the k value is considered significant, as well as the consistency of this finding in all pairs that were compared. 13, 14 No statistically significant differences existed between trained and trainee observers regarding the agreement of each classification system.
The time needed for classifying the fractures with the Garnavos classification system during both attempts separated by at least 2 weeks was significantly less compared with the time needed for classifying the same fractures during the same sessions with the AO/OTA classification system, a strong indication that the new system is less complicated and easier to memorize. This finding is of significant importance in the routine clinical practice of modern trauma. A reliable and easyto-remember classification system helps communication significantly.
For clinical validation, the Garnavos classification system was applied to a representative sample of long-bone diaphyseal fractures. The application was easy and swift due to its descriptive nature. This characteristic is well recognized in the literature as an advantage of all descriptive classification systems when compared with hierarchical enumeration coding systems. The univariable and multivariable analyses of clinical data revealed significant statistical correlation of the Garnavos classification system with important clinical parameters, such as time to union and complication rates. It has been shown that time to union and general complication rates are related to specific groups of the new classification system. Furthermore, strong evidence existed that more clinical parameters are related to the new classification system, but a larger dataset is required for statistical confirmation. According to this evidence, conservative treatment may not be a good option for fractures occurring in Problems with vascularity and poor soft tissue envelope in the MD zone may be responsible factors for .80% of delayed unions (16/19) and all malunions (8) occurring in this zone. This finding is consistent with other reports that relate these complications mostly with the middle area of the tibial shaft. Moreover, delayed union appears to be more associated with the St fracture morphology (10/22), which may be due to the limited contact surface of bony fragments. Half of the infections (6/12) occurred in the PM zone, which also could be associated with the specific vascular or anatomic features of this zone, the application of external fixation pins, or the development of compartment syndrome and subsequent fasciotomies. Another interesting finding is that all proximal prominences of an intramedullary nail occurred in D fractures. A logical explanation is that in distal fractures, the surgeon uses the longest nail that can go as distal as possible to secure the fracture. Therefore, the nail may be prominent at the knee immediately postoperatively or postdynamization. All pulmonary embolisms (n53) and all fat embolisms (n53) were associated with M fractures. Confirmation of this finding with a larger dataset could dictate a change in future anticoagulant strategy. Finally, 6 of 8 complex fractures happened after a fall and not after a motor collision or road traffic accident. However, open fractures or fractures with severe soft tissue damage were excluded from the study.
A major limitation of the current study is the relative small sample size for clinical validation. However, this sample, including all consequent tibial shaft fractures admitted in a large Level I trauma center over 3 years, constituted the material for a pilot study according to the criteria set by Audige et al. 12 A validation study with an adequate number of cases is warranted.
The current study does not represent an effort to describe and assess all treatment options and outcome patterns of closed tibial diaphyseal fractures and has the weaknesses of all retrospective studies. Moreover, fractures extending to adjacent joints, open fractures, polytrauma patients, and injuries with significant compromise of the soft tissues or associated injuries that would potentially influence the outcome of the tibial fractures were excluded. Thus, the indications of using the proposed classification system were not exhausted.
The exclusion of open fractures and cases with significant soft tissue injury was dictated by the fact that the new classification system refers strictly to the element of bony injury. It aims to aid communication between clinicians, indicate treatment options, and predict the outcomes of long-bone fractures. For a more comprehensive description of bony and soft tissue injury, the Garnavos classification system should be combined with the well-established classification systems introduced by Gustilo Simple transformation of the investigated clinical parameters, such as square root or logarithm, were attempted to improve variance stability. However, interpretation of the coefficient became more complicated. This led to the use of broader topographic and morphologic categories for multivariable analysis. The overall occurrence of complications was considerably high due to the fact that even minor complications were included. In addition, some patients experienced .1 complication. With these concessions, the topography and morphology of the tibial shaft fractures, as described by the Garnavos classification system, were proven to be significant predictors of complication rates and time to union, together with patient age and smoking status. A larger, multicenter prospective study is justified and may reveal the comprehensive statistical significance of the new classification system.
It has been suggested that 2 classification systems are needed for long-bone fractures: 1 for clinical use and 1 for research purposes. 27 This will provide access to all data required for research without burdening the clinician with details he or she cannot use. If the AO/OTA classification of long-bone fractures provides the basis for a general classification for research, the Garnavos classification system may meet the need for a clinically oriented classification system with a high degree of reliability, memorability, and clinical relevance.
conclusion
The Garnavos classification system for diaphyseal long-bone fractures was found to be easily applicable in a clinical setting. Further research should be conducted in the form of prospective, multicenter, observational agreement studies for the completion of the validation process, something that, to our knowledge, has never been undertaken for any existing classification systems.
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